Introduction
The term woody biomass is mostly associated with biomass used for energy. In Montenegro, it has a long tradition of being used for energy purposes mostly in households as well as in numerous public facilities (schools), commercial facilities (restaurants, pubs, bakeries, meat roasters), and industry. However, apart from energy purposes, woody biomass in Montenegro is also used for non-energy purposes, primarily in wood processing companies and for production of other wood fuels (charcoal, wood pellets). Thus, research of total woody biomass consumption should include both mentioned segments. Regarding this, quantification of woody biomass consumption is mostly done in terms of physical measurement units in which certain wood fuels are produced, distributed and used as well as in energy measurement units (mostly in TJ, toe or kWh) because of the need to observe the participation of wood energy in energy balances and final energy consumption. The latter approach is particularly intensive in South East European countries as of 2012 when these countries adopted the national target for the participation of energy from renewable sources in total final energy consumption by 2020. The situation is the same in Montenegro too. Therefore, this research has multifold significance from the aspect of the users of results, primarily policy makers in forestry, energy and environmental sectors. It should be mentioned that the results presented in this paper, together with the results presented in the preceding paper Wood Fuels Consumption in Households in Montenegro [1] , represent a unity and as such they give a full image of the current situation in the segment of woody biomass consumption in Montenegro.
Scope and objective of the work
The main scope of research in this paper is woody biomass consumption for energy and non-energy purposes as well as the participation of wood energy in total final energy consumption in Montenegro. To that effect, the goal of the paper is the quantification of the stated consumption in physical and energy measurement units as well as the participation of certain consumer categories in this consumption, their characteristics and significance. Objective of the paper is the research of the contribution of wood energy to the reduction of import dependence of Montenegro in terms of energy as well as its contribution to the mitigation of climate changes through the process of fossil fuels substitution, which are still widely used in public sector in Montenegro. Beside this positive aspects of woody biomass use also other relevant socio-economic and environmental aspects [2] such as job creation should be analyzed in the future to enhance the importance of this sector for rural development.
Foreseen research will include all most significant categories of woody biomass consumers in all municipalities, thus becoming the most comprehensive researches conducted so far in Montenegro. This is of special importance from the aspect of reliability of the obtained results and getting relevant answers to all open issues in the field of woody biomass that exist in Montenegro at the moment.
Used methodology
Adequate methodological concept was used for researching woody biomass consumption and participation of wood energy in total final energy consumption in Montenegro consisting of the following: field research method, method of statistical data processing, statistical evaluation of performed research, and analysis and synthesis method. Adequate GIS software packages and program package STATISTIKA V.5.0 were used for the purpose of mapping and graphic presentation.
The most significant element of the adopted methodological concept is field research, which was conducted in households, public facilities (kindergartens and schools), commercial facilities (bakeries, meat roasters, restaurants, and car repair services), industrial companies and wood fuel producers (producers of charcoal, briquettes, etc.) by using questionnaire method with adequate questionnaires and interviewing method.
Used methodological concept is fully compatible with UNECE/FAO and EUROSTAT methodology for collecting, processing and publishing data on woody biomass and wood energy consumption. It is also used in similar researches conducted in the surrounding countries, the last of which was in Serbia in 2011 [3] .
In the segment of wood fuels consumption in households, the research was conducted by questionnaire method on the representative sample of 5% of the total number of households which stated to use solid fuels for heating purposes in 2011 census [4] . Total number of the selected households for questionnaires was 6,520, 3,590 of which were urban households and 2,930 were rural households. Questionnaire method included 652 interviewing circles in 21 municipalities in Montenegro. This segment also included collective households ** . In the segment of wood fuels consumption in public facilities, the research was conducted in all schools and kindergartens in Montenegro. Report method was used and the total of 272 schools took part in the research.
In the segment of wood fuels consumption in commercial facilities, the research was conducted by questionnaire method in bakeries, meat roasters, restaurants, and car repair services in all municipalities in Montenegro pursuant to the address book of the Statistical Business Register and actual situation in the field. Total number of processed commercial facilities was 331.
In the segment of woody biomass consumption for industrial own purposes, the research was conducted in 125 companies dealing with primary wood processing in all municipalities in Montenegro by using questionnaire method. Apart from this, the research also involved companies and entrepreneurs dealing with wood fuels production and trade. In 2011, 3 companies were engaged in wood briquettes production and also there were 20 charcoal producers a few of which were registered as entrepreneurs while most of them were registered as agricultural households. In both cases, report method was used which was conducted by filling in adequate questionnaire forms [5] .
In order to observe woody biomass market and its competitive position, the method of interviewing wood fuel traders was used as well as the data on wood fuels foreign trade and the data of the biggest distributors of other fuel types (primarily fuel oil, heating oil, and gas fuels) in Montenegro.
Above described manner of data collection provided high incorporation of all segments of wood fuels production and consumption in Montenegro. This way, the largest and most significant wood fuels consumers were included in the research, which made this research representative and the obtained data were made reliable for the needs of various types of analyses. This statement is confirmed by the evaluation of statistical research in the segment of households, the results of which are given in tab. 1.
Coefficient of variation (CV) on the level of Montenegro, as a parameter of homogeneity of the observed phenomenon (firewood consumption in this case), is 0.0077, which implies that the homogeneity of the observed phenomenon is very high and consequently the accuracy of the obtained results is also high.
The higher the coefficient of variation (closer to one), the lower the homogeneity of the feature (phenomenon) and vice versa. In statistical researches, phenomenon is considered homogenous until the coefficient of variation exceeds the limit of 0.3 [7] .
Research results and discussion
Pursuant to the scope, objective and adopted methodology, the most significant results of the conducted research of woody biomass consumption are presented hereafter both by certain consumer categories and collectively on the level of Montenegro. 
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* Interviewing circle comprises the list of all households, which are presented on some territory within some municipality as the smallest administrative unit. One municipality contains several interviewing circles. **Collective households comprise gerontology centres, hostels for single persons and other households, in which live persons that are permanently cared for.
Wood fuels consumption in households in Montenegro
Results of the conducted researches on the presence and amounts of fuels consumed in households in Montenegro showed that total firewood consumption in the heating season 2011/2012 (both urban and rural households) was 703,571 m 
Public facilities
Schools are the most important category of public facilities regarding wood fuels consumption. Research conducted in the project showed that wood fuels were not present in the heating system for facilities in the health care system in Montenegro or in 125 preschool facilities (kindergartens) [8] .
Out of the total of 479 school facilities in Montenegro (including central schools and their regional school departments) 327 facilities or 68% used wood fuels in 2011 ( fig.1 ). Among other fuels, heating oil, LPG, and coal were used for heating purposes. Source: [6] Regarding wood fuels consumption, firewood is in 2011 was consumed the most in the amount of 5,357 m 3 while other wood fuels are used to a smaller extent. In 2011, wood briquettes were used for the heating purposes of two school facilities, while wood pellets were not present in the system for heating school facilities in 2011 [8] . However, activities conducted during 2012 by the Ministry of Education and Sports of the Republic of Montenegro and certain international organizations will have an impact on the introduction of wood pellets in the heating system of school facilities in Montenegro in the upcoming years.
Although firewood is used for heating 68% of school facilities in Montenegro, its participation in total costs of heating all school facilities in 2011 was only 5.89%. Namely, total heating costs of all school facilities in Montenegro in 2011 were EUR 4.18 million, out of which EUR 3.52 million or 84.2% were costs for heating oil [9] . This means that every year Montenegro allocates large sums of money for importing oil derivatives for the needs of heating school facilities although it has own woody biomass resources which are locally available and several times more competitive in terms of prices and environment protection compared to heating oil and light oil. Environmentally, substitution of heating oil with woody biomass would reduce CO 2 emission in this case by about 9 times [2] .
Results of the conducted researches showed that the situation was highly unfavorable regarding the presence of thermal insulation on school facilities. Namely, out of 370 schools in total for which data are obtained, only 56 facilities or 15.1% has thermal insulation while the remaining 314 facilities do not have any form of thermal insulation [8] . Participation of school facilities with and without thermal insulation in total number of school facilities by municipalities is given in fig. 2 . The situation is also similar with school facilities that have double-glazed windows. Namely, only 59 facilities have insulating glass while other facilities do not have them.
Commercial facilities
Consumption of wood fuels in facilities with commercial character included restaurants, bakeries, meat roasters and car repair services. Selection of these categories of commercial facilities results from a long tradition of wood fuels use (primarily firewood) in these facilities on one hand and new trends in using certain wood fuel types in these facilities (wood pellets) on the other. Inclusion of commercial facilities in the research made it entirely complete in the sense that all most significant categories of wood fuel consumers in Montenegro are comprised. Thus a full image and overview of the total consumption of wood fuels are obtained, which is certainly an important element of comprehensiveness and representativeness of the research.
The largest consumption of wood fuels in the category of commercial facilities is realized in bakeries and restaurants. In the total of 21.219 m 3 of firewood used for the needs of commercial facilities, bakeries participated with 51% and restaurants with 42.4% ( fig. 3) . Regarding the consumption of slabs as woody biomass form, their consumption was 231 m 3 , 155 m 3 of which were used in car repair services and the remaining 76 m 3 were used in restaurants and pubs. Hotels and restaurants were the most important consumers of wood briquettes and wood pellets in 2011 in the category of commercial facilities, while restaurants and meat roasters were the most significant consumers of charcoal [8] . Firewood is used for baking bread and heating space in bakeries, for heating and meat roasting in restaurants and meat roasters and for heating in car repair services.
Research results showed that fuelwood traders were the main sources for supplying bakeries, meat roasters, car repair services and restaurants with firewood. Traders also represented the main source for supplying meat roasters and restaurants with charcoal.
Production of wood fuels
The most significant types of wood fuels currently produced in Montenegro are firewood, wood briquettes, and charcoal. Apart from these wood fuels, wood chips are also produced the entire amount of which is exported, while there are currently two lines for wood pellets production (one in Pljevlja and the other in Andrijevica). The line in Pljevlja was not operational yet in early 2013, while the production in the plant in Andrijevica was in the phase of trial production at the beginning of 2013 [10] .
The largest amounts of woody biomass in Montenegro are used for firewood production, while 24.353 m 3 were used for the production of other wood fuels in 2011. 85% of this amount was used for wood chips production the entire amount of which was exported and only 3.779 m 3 were used for the production of charcoal and wood briquettes ( fig. 4) [10] . The largest amounts of woody biomass used for wood chips production originate from sawmill wood processing and in smaller scale from forests.
Out of the total of 3,779 m 3 which were consumed for the production of charcoal and wood briquettes, 763 m 3 in the form of small wood residue (sawdust) from industrial wood processing was used for wood briquettes production and 3,016 m 3 was used for charcoal production, out of which 2,765 m 3 were in the form of firewood and 251 m 3 were in the form of large wood residue from forests, orchards and other sources. Practically, only 15% of the total woody biomass consumption for the production of wood chips, briquettes and charcoal remained in Montenegro in 2011 and 85% of it was exported [10] .
Charcoal is produced in 23 charcoal kilns, 20 of which are brick-built and 3 are light steel (portable). Most charcoal kilns and the largest amounts of charcoal are produced in Kolašin municipality, followed by Pljevlja and Nikši} [10] .
Concerning wood briquettes production, it was realized in three companies in 2011 (Nikši}, Kolašin, and Bijelo Polje) with equipment of modest capacity [10] . The stated data show that over 1/2 or to be precise 51% of the total wood residue production in industry was not used at all in Montenegro in 2011. Reasons are numerous, and one of the most significant is the lack of appliances for its combustion as well as poor condition of appliances in the companies that possess them.
Woody biomass consumption in industry
Out of the total of 152 companies performing productive activities in 2011, 46 of them did not possess any appliances for woody biomass combustion. Total amount of heat produced for own purposes of the companies was 59.2 million kWh in 2011, the largest amount of which was used for technological purposes (wood steaming and drying) and the rest was used for space heating [10] .
The main conclusion that can be made based on the abovementioned analyses is that the condition in the field of using wood residue from industry for own purposes of companies in wood processing industry in Montenegro is unsatisfactory from the aspect of amounts which are used as well as from the aspect of energy inefficiency in the companies where it is used.
Total woody biomass consumption in Montenegro in 2011
Total woody biomass consumption for energy and non-energy purposes in Montenegro in 2011 was 1.06 million m 3 , out of which 732.9 thousand m 3 or 69.1% was used in the form of firewood and 326.6 thousand m 3 or 30.8% was used in the form of industrial roundwood. Also, 251 m 3 of woody biomass in the form of wood residue was used for the needs of charcoal producers and households (tab. 2). Among other wood fuels, the increase of wood pellets consumption is noticeable reaching the level of 948 tonnes in 2011, which is significantly higher than the traditionally present wood briquettes (423 tonnes). If it is taken into consideration that wood pellets are present as fuel in the consumption in Montenegro from 2010, not before, it implies that their increase will be expressed in the upcoming years as well.
Regarding firewood as woody biofuel with the highest participation in woody biomass consumption in Montenegro, results of the researches conducted in the FODEMO/MONSTAT project showed that households represented the most significant consumer category with the participation of 96% in total consumption of this woody biofuel ( fig. 6 ). All other consumer categories share the remaining 4%, where firewood consumption has the highest participation in bakeries (1.48%) and restaurants (1.23%).
Households also represent the most significant consumers of wood briquettes and pellets as new forms of woody biofuels although the number of hotels and restaurants switching to these woody biofuels has been significantly increasing for the last two years.
Final consumption of wood energy in Montenegro

Current situation and participation of wood energy in total final energy consumption
Analysis of the current situation and participation of wood energy in total final energy consumption and its contribution to the achievement of the national target 2020 is done based on the new Wood Fuels Balance for 2011 as well as the Statistical Energy Balance for 2011 for all energy-generating products in Montenegro.
New Wood Fuels Balance for 2011 was made based on the achieved results from the research of consumption, export, import, and production of wood fuels in Montenegro conducted in the FODEMO/MONSTAT project where a new methodology was used, fully compatible with the UNECE/FAO/EUROSTAT methodology.
According to the results of the FODEMO/MONSTAT project, total firewood consumption in Montenegro in 2011 was 732,911 m 3 . Based on the obtained results and conducted calculations, tab. 4 shows the structure of final consumption of wood energy by certain consumer categories in 2011. Source: [11] Total final consumption of wood energy, which includes the consumption of all wood fuel categories, was 7,275.04 TJ or 173,761 toe in Montenegro in 2011, which is equal to the value of 2,020,844,444 kWh. The size of energy values and significance of wood energy is best shown by the fact that wood is the third most important energy-generating product in final energy consumption in Montenegro, just behind petroleum products and electricity. Compared to final consumption of electricity of 12,290 TJ, value of wood energy in the amount of 7,275.04 TJ is 59.2% of electricity consumption.
Total final energy consumption in Montenegro in 2011 is obtained in the amount of 32,665.04 TJ (tab. 5). [13] In that case, participation of wood fuels compared to other energy-generating products in final energy consumption was 22% ( fig. 7 ).
Final energy consumption in Montenegro and the national target 2020
From the aspect of meeting the national target regarding the achievement of energy participation from renewable sources of 33% in total final energy consumption in 2020, it is sig-nificant to highlight that the participation of electricity and wood energy in final consumption in 2011 was 60%, 22% of which was wood energy and 38% electricity.
According to the methodology for determining national target for RES 2020 for all south east European countries by the Energy Community, planned gross final energy consumption in Montenegro in 2020 should be 40,256 TJ, where 33% or 13,284.48 TJ should be energy from renewable sources [12] .
Total final energy consumption from renewable sources in Montenegro in 2011 corresponded to the consumption of wood energy only in the amount of 7,275.04 TJ, or 54.7% of national target, while 4,334 TJ of electricity produced in hydropower plants (1204 GWh) was used in transformations (The Statistical Energy Balance, 2012).
Compared to the planned target of 13,248.48 TJ in 2020, "for the missing amount of energy from renewable sources in the amount of 5,973.44 TJ" it is necessary to stimulate production and consumption of energy from other renewable sources (wind, Sun, etc.) since the potentials of firewood are already used to a high extent and no significant consumption increases are possible in this segment (the exception is increase of efficiency of wood combustion).
Apart from the significance of wood energy for meeting the national target 2020, it has multiple significance for reducing import dependence of fossil fuels by Montenegro and also contributes the reduction of CO 2 emission. This significance is proved best by the following facts: -consumption of wood energy in the amount of 173,761 toe is equal to the amount of energy obtained from 203.3 thousand tonnes of heating oil, -usage of wood energy in the stated amount in 2011 contributed the reduction of import dependence of Montenegro on heating oil by 162,679,462 EUR, calculated with heating oil prices at which it was imported in Montenegro in 2011, -use of wood energy in the stated amount instead of heating oil directly contributed the saving of CO 2 emission in the amount of 0.5 million tonnes. Energy obtained from the residues in the process of vine pruning should be added to the stated amounts of wood energy. In 2011, registered consumption of residues from vine pruning for household heating was 1,075 stacked m 3 , which was the energy consumption of 1.9 TJ.
Conclusions
Results of the conducted research in the stated project clearly show that total consumption of woody biomass for energy purposes in Montenegro is about five times higher than the statistically recorded consumption. Also, wood energy was the third most significant energy-generating product in Montenegro with the participation of 22% in total final energy consumption in 2011. From economic and environmental aspect, wood energy has a significant contribution to the reduction of energy dependence of Montenegro, reduction of fossil fuels import and reduction of CO 2 emission with the substitution of fossil fuels. In the planned 13,248.48 TJ of energy from renewable sources in total final energy consumption in 2020, it is realistic to expect that the partici- 
